Abstract Behavioral economics (BE) has been used to study a number of health behaviors such as smoking and drug use, but there is little knowledge of how these insights relate to HIV prevention and care. We present novel evidence on the prevalence of the common behavioral decision-making errors of present-bias, overoptimism, and information salience among 155 Ugandan HIV patients, and analyze their association with subsequent medication adherence. 36 % of study participants are classified as present-biased, 21 % as overoptimistic, and 34 % as having salient HIV information. Patients displaying present-bias were 13 % points (p = 0.006) less likely to have adherence rates above 90 %, overoptimistic clients were 9 % points (p = 0.04) less likely, and those not having salient HIV information were 17 % points (p \ 0.001) less likely. These findings indicate that BE may be used to screen for future adherence problems and to better design and target interventions addressing these behavioral biases and the associated suboptimal adherence.
Introduction
People commonly fail to act in their own self-interest and behave in ways they later regret such as overeating or smoking [1] [2] [3] . Behavioral economists study why and in what circumstances individuals display such decisionmaking errors or ''biases'' [4] [5] [6] [7] [8] . Insights from behavioral economics (BE) have been applied to study a number of diseases and health behaviors [9] , but to date, none have explored HIV. BE is grounded in Traditional Economics (in particular the premise that people make decisions based on costs and benefits) but enriches this framework with insights from psychology. It also shares some characteristics with existing health behavior theories; like Socialcognitive Theory, it starts from the premise that expectations of future events and outcomes are important determinants of behavior [10] . Similarly, it recognizes the importance of beliefs in shaping behaviors stressed in the Health-Belief model [11] . With the Health-Belief model, it shares the recognition that people have limited cognitive capacity and may sometimes feel overwhelmed when carrying out a complex task [12] . Overall, BE is a systematic framework to investigate human actions that recognizes the importance of the behavioral determinants outlined across different health behavior theories. BE posits that people make decisions based on their costs and benefits, but contrary to the Traditional Economics model recognizes that people do not access all available information when making a decision (information salience), are overly confident in their capacity to carry out a task (overoptimism), and face difficulties sticking to their decisions (presentbias) [13] . A trademark of BE is the focus on measurement and quantification of these biases in a simple fashion. For example, compared to the related concept of time preference as used in an HIV context by Préau et al., the BE concept of present-bias as executed commonly is evaluated using only a handful of questions as compared to the 61 items in Zimbardo's Stanford Time Perspective scale [14] . Questions identifying BE biases could therefore be a more feasible, much-needed tool to screen for likelihood of optimal medication adherence for HIV and other chronic conditions [15] .
In what follows, we briefly discuss some key biases that have been found to influence behavior for chronic conditions, and discuss why we believe that these likely also matter for ARV adherence. We then present novel empirical evidence from a sample of HIV clients in Uganda showing that BE biases are common and negatively correlated with subsequent Medication Event Monitoring System (MEMS)-cap measured adherence. We end with a discussion of the results and in the conclusion encourage more research to further study these biases and their association with adherence.
The Importance of BE Biases for Chronic Health Behaviors
We focus on three key behavioral biases that have been found to influence health behaviors for other chronic conditions [9] and that we hypothesize may also be important to components of ARV adherence:
Present-Bias
A key behavioral bias is present-bias, which is the tendency of people to give into current temptation at the price of beneficial future outcomes [16] . For example, a seminal article by Benartzi found that people tend to delay the decision to save (e.g., to forego current consumption in exchange for future benefits) to a tomorrow that-when turning into today-is again pushed off [17] . Chronic HIV care management requires a similar decision, as health is conditional on daily pill-taking with immediate costs such as social stigma, side-effects, and financial costs. The benefits of optimal ARV adherence that include a healthier and longer life, on the other hand, manifest only in the distant future. We therefore hypothesize that patients displaying present-bias will display lower adherence, as they overly discount the future benefits of adherence and may see their actions guided mainly by its daily costs.
Overoptimism
Being overly confident in one's ability to stick to a planned behavior has been found to have important negative consequences for a wide range of behaviors [18] . For ARV adherence, this bias may manifest itself as patients not taking appropriate steps to assure their taking the medicine on time or not taking it at all; for example, most patients in our sample set phone alarms that subsequently prove insufficient to assure optimal adherence. We hypothesize that patients displaying overoptimism will show lower adherence than their peers with more realistic expectations regarding their future adherence behavior. A closely related bias is overplacement, which is being overly confident in one's own behavior relative to that of a reference group [19] , which may be a particularly good indicator of being too confident and not taking enough precaution to ensure high adherence.
Information Salience
Behavioral economists have found that people act on the information that first comes to mind rather than on all the relevant information available [18] . This can lead to people being guided by relatively recent experiences, or those that were experienced by friends and that were particularly memorable. For example, people tend to buy earthquake insurance following an earthquake in their area, even though this occurrence does not change the underlying probability of an earthquake occurring [20] . We argue that HIV as a health threat may not be very salient (e.g., on top of their minds) for people living with HIV, in particular for those who have been on ARV for a number of years as is the case for the sample described below. Such patients often enjoy good health and no longer experience health improvements from taking their medication, therefore the benefits of ARV may become relatively invisible/less salient over time, leading them to fail to perceive adhering to the pill regimen as a priority. We expect that for patients who have received positive feedback on the ARV medication's health benefits from peers at the HIV clinic this information is salient, leading to higher adherence.
Methods
The data for this article come from the Rewarding Adherence Program (RAP) that uses variable rewards to improve ARV adherence and retention in care. The program attempts to reduce present-bias and increase information salience by providing small prizes allocated by a drawing at each clinic visit conditional on keeping scheduled clinic appointments (treatment group 1) and high ARV adherence measured by MEMS caps (treatment group 2). The study was implemented as a small randomized controlled trial (RCT) with about 50 participants in each of the two treatment groups and the control group, which received standard clinical care and answered the survey but did not take part in the prize drawings.
RAP is currently being implemented at Mildmay Uganda, an NGO in the capital Kampala. At the time of enrollment into the RAP program, patients completed a baseline survey before being informed of their randomized treatment assignment and before they were exposed to the intervention. This survey consisted of 11 different modules measuring a variety of characteristics such as patient demographics, household characteristics, or community environment. BE biases were also collected as part of this baseline survey as described below, and form the basis for the analysis in this paper. Eligible participants (18 years of age or older, taking ARVs for at least 2 years, having adherence problems (either self-reported or otherwise indicated in the medical records data) in the last 6 months, willing to follow and able to understand the study procedures) were asked to provide written consent in their preferred language (English or Luganda) that included the survey data collection and use of MEMS caps. RAP was approved by the HSPC Board at RAND (2012-0372), the IRB review board at Mildmay, and the Uganda National Science Counsel (UNCST).
Measurement of BE Biases Present-Bias
The survey used the common method of asking clients to make a choice between hypothetical rewards that varied in size depending on the delay of payment [21] . The survey question stated: ''Imagine you can win a lottery prize and have to choose between receiving 50,000 USh tomorrow, or 75,000 USh in one year. Which would you choose?''. Respondents who chose the immediate reward rather than the more distant, larger reward were subsequently classified as present-biased. This method has been validated across many cultural settings [6] , and this particular question was designed for a similarly, resource-poor environment [22] .
Overoptimism
Respondents were asked to report the likelihood of forgetting at least one dose in the next month based on a four point Likert-type scale, and to make the same judgment about the likelihood of other clients at the clinic to measure overplacement. As displaying adherence problems in the 6 months preceding the survey was one of the enrollment criteria for the RAP intervention, we expected study participants to realize that on average they are likely to display lower adherence than most other clinic patients. Patients therefore were classified as overconfident if they assigned themselves a lower likelihood of forgetting pill doses relative to the other clients in the clinic.
Information Salience
Patients were asked whether they know people who have benefited from ARVs (as a reminder of the benefits of ARVs), and whether they have a close friend or family member who has died from AIDS (which would make the serious consequences of non-adherence more salient). We do not report results for the latter measure as the large majority of the sample (over 90 %) responded in the affirmative, indicating the generalized nature of the HIV epidemic in Uganda.
Adherence Measures
Participants at baseline were provided with a MEMS cap that electronically records the date and time a pill bottle is opened, and were instructed to bring it with them for each clinic or study visit, at which point the adherence data were abstracted. Such an objective measure of adherence has been found to give a more accurate picture of adherence compared with self-reports that are easily manipulated and often overstated [23] . Objectively measuring adherence is particularly important in the current study where eligibility for participating in the prize drawing is conditional on high adherence (treatment group 2). Adherence so measured may differ from actual adherence if participants do not consistently use the caps, which we tried to control for by adjusting the measured adherence by self-reported pocketing or taking of medication from sources other than the MEMS cap. A second possible source of error in this measure is if people open the MEMS cap but do not actually swallow the pill. This would typically occur if people are trying to 'game the system'. While we cannot control for this possibility, we can largely abstract from this problem for the control group and intervention group 1 as their eligibility in the lottery was not conditional on adherence but only on timely clinic visits.
MEMS data from the first 4 months of study participation are used to calculate the adherence outcome variable; we exclude the first month where we observe significantly higher adherence for all participants that is likely due to the novelty of being part of the study and focus our analysis on months two through four when we hypothesize that the novelty of using a MEMS cap would have worn off. Our main outcome variable is the fraction of clients displaying mean adherence of at least 90 %, where mean adherence is calculated as (# of actual bottle openings/# of prescribed bottle openings). While current regimens seem to be less forgiving than older ones [24] , high and consistent adherence is certainly more conducive to viral suppression, and we therefore think that such a cut-off level is justified. Moreover, recent research has shown high risks for the development of disease resistant strains and advanced disease progression at mean adherence rates below 90 % [25, 26] .
Approach
Data were analyzed with Stata/SE version 10.1. Statistical significance is reported for levels between 0.10 and 0.01 for hypothesis testing and regression coefficient estimates. Summary statistics are reported as frequency counts (%), and regression results present maximum likelihood estimation (MLE) coefficient estimates for probit regressions along with standard errors. Baseline results were compared among behavioral biases using chi-squared testing within the pooled sample of observations between months two and four. This method is well suited to the binary nature of the outcome variable and the non-normality of the underlying distribution of adherence behavior in the sample. To control for observable patient characteristics, probit regression results provide a secondary analysis of adherence behavior across biases. Adherence as the primary RAP outcome is likely impacted by the intervention over time. During the first 4 months of the study, RAP's impact would be little felt as few clients would have participated in a prize drawing during that time. We also repeated the analysis using the control group only (that did not receive the intervention) to ensure that the results observed are not driven by the RAP intervention. Furthermore, as the impact of the biases on ARV adherence can be expected to be muted by RAP (in particular present-bias that is directly targeted by the RAP rewards), our results constitute a lower bound estimate for these effects.
Results
Sample Characteristics (Table 1 ) Table 1 presents summary statistics of the sample's demographics and tests whether characteristics such as gender, age, and education status are equally distributed among the two intervention groups and the control group as would be expected in a RCT. These observable characteristics do not show statistically significant differences between the groups; however, present-bias is higher in the control group compared to the treatment group 2, and overoptimism is more prevalent in the control group than in treatment group 1.
Prevalence of BE Biases in the Sample (Table 1) Present-Bias 36.3 % of respondents chose an immediate hypothetical reward over a larger reward in 1 year, and are therefore classified as present-biased.
Overoptimism 89 % of patients believe they are unlikely to miss a dose in the month following the baseline survey despite being recruited because of recent adherence problems. 20.7 % of clients believe that they have a better chance than the other patients at Mildmay clinic to fully adhere in the following month, indicating that they suffer from the bias of overplacement and leading to their being classified as overoptimistic.
Information Salience
More than 33 % of patients have received positive feedback on the effectiveness of the ARV medication from other HIV patients.
Association of Behavioral Economics Biases with Subsequent ARV Adherence (Table 2)
The biases presented in Table 1 may influence patients' decision-making and consequently their adherence behavior. Table 2 provides empirical evidence on the impact of these biases on the fraction of patients taking 90 % or more of their medication. The p values indicate two-sided t test significance at the 10 % (*), 5 % (**), and 1 % levels (***)
Present-Bias
Patients who more heavily weigh the immediate costs of pill-taking than its future benefits are 13.4 % points less likely to attain mean adherence rates of at least 90 % (p = 0.006).
Overoptimism
Participants who report being 'very likely' to fully adhere in the next month are 13.4 % points more likely to have mean adherence rates equal or above 90 % (p = 0.07). The 20.7 % of patients who believe that they are more likely to show optimal adherence relative to others (i.e. those displaying overplacement), have an 9.4 % points lower chance to display 90 % adherence (p = 0.11).
Information Salience
The percentage of patients with mean adherence rates of 90 % or greater increases from 31.1 to 48.3 % for those who recently received positive feedback about the HIV medication from other patients (p = 0.001).
In Table 3 , we investigate the association of the same BE biases with adherence when controlling for the observable characteristics of gender, age, and education of the participants to examine whether the behavioral biases exert an additional influence on adherence that cannot be inferred from these observable characteristics. Each column in the table represents a separate regression of adherence on the respective bias when controlling for the observable characteristics. We find that present-bias and information salience remain statistically significant; overoptimism has a negative impact on adherence that is however not statistically significant.
Robustness Check: Results in the Control Group
Above we discussed the potentially confounding influence of participation in the RAP program and uneven distribution of bias prevalence between control and treatment groups on adherence. We therefore repeated the analyses for the control group only (n = 50) that is not subjected to the intervention. The results confirm that patients with present-bias have a significantly lower mean adherence and are 15.3 % points less likely to achieve adherence over 90 % (p = 0.02). Similarly, the same patterns in adherence across patients' overoptimism and information salience discussed above continue when restricting our analysis to this subgroup, but the small sample size limits the power of statistical inference.
Discussion
In this paper, we argue that the characteristics of HIV as a chronic disease make it likely that the systematic decisionmaking errors ('biases') of people living with HIV significantly interfere with optimal ARV adherence, and that measuring these biases and their association with ARV adherence is an important research topic. We focus on three key biases identified in the BE literature: present-bias (the tendency many people display of preferring immediate rewards to temporally more distant ones), overoptimism (excessive confidence in the ability to stick to a planned behavior), and information salience (the tendency of people to act on information that is more readily available). Our hypotheses that we subsequently test are that present-bias leads to lower adherence as adherence has current costs (stigma, financial costs, …) but the benefits of taking pills only manifest in the distant future (improved life expectancy and life quality). We also hypothesize that overoptimism may lead people not to implement enough Indicated chi-squared significance at the 10 % (*), 5 % (**), and 1 % (***) levels Table 3 Behavioral bias impact on adherence controlling for observable patient characteristics Present-biased (1) Optimism (2) Overoptimism ( precautions to take their daily drug dose(s) resulting in lower adherence, and that the long-term and relatively invisible nature of HIV reduces its information salience, making it likely for people to put the demands of daily life before HIV, again leading to lower adherence. We then go on to test for the presence of these biases using commonly used, simple survey measures. We find that these biases are prevalent in a sample of clients in HIV care in an urban clinic in Uganda; more importantly, we find that these biases are associated with lower subsequent ARV adherence. These results represent the first empirical evidence for the importance of BE in studying ARV adherence, an area in need of further research and understanding, in particular in resource-limited settings [27] . While the biases empirically confirm the hypotheses we started out with, there was one unexpected finding: optimistic clients (i.e. those who think that they have taken good precautions to make sure to adhere to their regimen) manage to show higher adherence than their more pessimistic peers, indicating that some confidence in one's ability to adhere to the medication regimen is actually beneficial. However, if patients are too confident in their ability to adhere (those who suffer from overplacement, i.e. the tendency to overstate their own ability to adhere compared to the general clinic population), they seem to not create an environment susceptible to good adherence and display lower adherence.
Our results point to several potential uses of BE for improving ARV adherence: first, BE biases could be a low-cost, quick way to screen for patients who are likely to show low adherence and are thus in need of additional adherence support. However, how useful biases are as a screening tool depends on the extent to which they cannot be inferred from observable characteristics such as age, gender or education that have been found to be associated with adherence and that are likely used by providers to infer the likelihood of a patient to show good adherence [28] . Our findings do indicate that BE biases are not systematically correlated with age, gender, or education, and therefore provide additional information that a provider would not be able to gather based on these observable client characteristics.
Our findings also point to the potential use of BE as way to design interventions that use the biases identified as entry points. For example, the finding that participants with present-bias display lower adherence indicates that interventions such as the RAP program may be able to improve adherence by providing short-term rewards to adherence. Similarly, the finding that information salience is associated with improved adherence suggests the importance of increasing the tangibility of the costs of non-adherence and benefits of adherence. This could for example take the form of reminders about the importance of adhering to the ARV regimen at times such as on weekend nights when individuals may be engaging in activities (drinking, drug use, …) that can lead them to forget to take their drugs.
Limitations of the study include that it is relatively small in size and may be contaminated by the RAP study that took place after the information on the biases was collected at baseline. However, the results for the control group that was not exposed to the intervention are equally robust. As this subsample consists of only 50 patients, the ability to detect any significant differences in mean adherence underscores the robustness of our results.
Conclusion
This paper presents first empirical evidence that BE can shed new light on ARV adherence behaviors. The finding that BE biases are common and are associated with subsequent ARV adherence supports the view of BE as a novel and low-cost way to screen for people in HIV care who are likely to show suboptimal adherence. We therefore encourage future research on the topic of BE biases and their impact on adherence using larger samples, using studies with the sole purpose of investigating the role of biases (i.e. not measuring biases as part of an intervention study), utilizing refined survey tools to detect biases, and using experiments in controlled settings to gain further insights. If the promising result in this study holds in these later studies, it would offer a simple tool to screen for clients likely needing additional treatment support. BE is increasingly being used to design and refine behavioral interventions for a range of (health) behaviors, and based on this literature and our results, we hope that BE methods can improve interventions for HIV-related behaviors as well. The RAP study discussed in this paper will provide first such evidence when it is completed in late 2015.
